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CHAPTER 1

INTRODUCTION

Peter Popenoe

This report is a summary of the second yéar of marine environmental
research activities by the U.S. Geological Survey (USGS) on the
southeastern U.S. Atlantic Continental Margin, in accordance with
Memorandum of Understanding (MOU) AA551-MU8-13 between the USGS and the
Bureau of Land Management (BLM). The report covers studies whose
fieldwork was conducted during the period from 1 October 1977 to
30 September 1978. The results of the first year of study are reported
in Popenoe (1978a and b) and as U.S. Department of Commerce NTIS
report PB 300-820.

The purpose of these investigations is to provide basic geologic
and oceanographic data to the BLM Outer Continental Shelf (OCS) Marine
Environmental Studies Program in support of management decisions which
relate to possible development of o0il and gas resources of the
continental shelf. The objectives of the USGS-BLM geologic research
program for fiscal year 1978 (FY-78) were 1) to determine the
sedimentation rates and processes on the upper slope and inner Blake
Plateau; 2) to determine the distribution, areal extent, and vertical
characteristics of geological features supportive of biological
communities; 3) to monitor the transport of bottom sediment across the
0CS, evaluate its possible effect on pollutant transfer along the seabed
and the potential of sediment as a pollutant sink, determine the
implications of erosion/deposition on pipeline emplacement, and aid the
interpretation of chemical, biological, and physical data; 4) to

determine the concentration levels of chosen trace metals and silica in
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three chemically defined fractions of the suspended particulate matter
(seston); 5) to study the shelf edge and slope near areas of oil and gas
interest, and the northern portion of the Blake Plateau for evidence of
slope instability and other geologic hazards, and 6) to determine the
depth and rate of sediment mixing caused by large storms and/or by
benthic organisms and where possible to estimate the rate of active
sediment accumulation.

A description of the methods, techniques, and instrumentation used
to accomplish these tasks is reported herein. Not included, however, is
the report on task 3, the results of the tripod and current-meter study
of sediment transport. Fieldwork for this task continued into FY-79
under MOU AA551-MU9-8 and it was deemed desirable to combine the
analyses from these two periods of observation into one data synthesis
based on the longer period of observation. Accordingly, results of
these studies will be reported in the final report under
MOU AA551-MU9-8.

Studies in this report have been ordered within the volume from the
water column to the deep stratigraphy. Thus, chapter 2 discusses
chemical variations in particulate matter within the water column,
chapters 3 to 5 discuss results of sampling of bottom sediments,
chapter 6 discusses the reefs and hard grounds of the Georgia Bight, and
chapters 7 and 8 the stratigraphy and geologic hazards as defined by
seismic-reflection surveys.

Eight large maps showing the distribution of reefs, hard grounds,
benthic organisms, and bed forms, six plates showing line drawings of
seismic stratigraphy, and one 1large map defining the distribution of
geologic hazards to petroleum exploration and development are included
in a pocket in the rear of this volume. Cruise reports and appendices
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for chapters 2, 3, 4, and 5 are open-filed as U.S. Geological Survey

Open-File Report 81-852B.
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CHAPTER 2

COMPONENTS AND PATHWAYS OF SESTON FLUX OF THE GEORGIA EMBAYMENT

L. J. Doyle, P. R. Betzer, Zack Clayton, and M. A. Peacock

ABSTRACT

Investigation of the partitioning of total suspended load into its
major and trace-metal components showed a seaward decrease in aluminum
silicates, amorphous silica, weak acid soluble cadmium, copper, iron,
lead, and refractory iron. Trends suggest that material is escaping the
estuaries onto at least the inner shelf although the estuaries are
obviously a major sink. Seaward decrease of amorphous silica, which is
chiefly in the form of diatom frustules, is probably due to mixing of
relatively high nutrient shelf water with progressively lower nutrient
laden waters offshore. Organic content and calcium carbonate show a
trend inverse to the afo;ementioned components although calcium

carbonate distribution is patchy.

INTRODUCTION

Thrust of the Study

Investigation of the suspended sediment of the southeastern United
States Continental Margin was undertaken in order to assess seston flux,
provenance, pathways, and sinks of the region. The grid of stations
shown in figure 2-1 was chosen from a larger group of 50 set up to cover
the area. All stations in figure 2-1 were occupied during cruises in
February-March, May, August, and November 1977. Shallow stations were
sampled top and near-bottom and deeper stations were sampled top, middle
and near-bottom.

During the first year, we investigated the total suspended load,

particulate organic carbon content, particulate organic nitrogen,
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Figure 2-1. Station location. Map For Suspended Load, 1977.
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Figure 2-1
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calcium carbonate, mineralogy, and . magnesium content at the larger grid

of 50 stations. In addition, in order to characterize the nature of the

particles making up the seston, we examined many of the filters with a

scanning electron microscope. From the resulting data, we concluded

that:

1.

Total suspended load values in all seasons decrease seaward.
Highest wvalues are associated with low salinity water (less
than 33%). During February-March higher suspended particulate
loads extend farther out onto the shelf than at other seasons,
probably because of winter storms combined with relatively high
runoff.

During summer and fall high salinity water which was 1low in
suspended particulates extended over 1large portions of the
shelf. Total suspended load estimates for the whole region
were highest during the winter (1.77 x 106 metric tons),
slightly lower during the summer (1.71 x 106 metric tons), and
considerably lower during spring (0.72 x 106 metric tons) and
fall (0.83 x 106 metric tons). Some of the disparity may be
due to the fact that fewer inshore stations, expected to be
relatively high in suspended load, were sampled in the spring
and fall. However, similar seasonal trends hold for slope
.aters as well as shelf waters.

Despite the fact that the continental margin had been subjected
to an extreme winter, suspended particulate values for the
February-March and August cruises were about the same.
Similarity may result from quick relaxation and return to
normal loads after storms in combination with small amounts of

fines available in bottom sediments for resuspension.



4.

6.

8.

9.

10.

Calcium carbonate percentages were lowest inshore, where they
were masked by high terrigenous content, and were higher in
more saline shelf and Florida Current waters.

Estimates of standing crop of calcium carbonate were highest
during the February-March cruise (17.3 x 104 metric tomns),
compared to 5.9 x 104 metric tons in May, 9.5 x 104 metric tons
in August, and 8.5 x 104 metric tons in November. A large
portion of the total calcium carbonate in the winter was found
in shelf waters (12.0 x 10% metric tomns). This high wvalue
indicates that resuspension of calcium carbonate from shelf
bottom sediment may have been occurring.

Other than the winter values, the calcium carbonate crop
remained relatively stable over the southeastern margin
throughout the seasons.

Coccoliths appear to be most abundant during the May period.
Because of the thick overlying water column combined with a
relatively small surface area, the continental slope has a
higher sedimentation potential than does the adjacent shelf.
Kaolinite and illite dominate the clay mineral suite of the
suspended sediments and of rivers rising in the Piedmont, while
smectite is more important in shelf and Coastal Plain
sediments. A mixed suite is found in slope sediments. These
relationships suggest that some riverborne fines are escaping
from the estuaries, are passing over the shelf, and reaching
the slope system.

The continental slope is a potential sink for pollutants on
some margins. On the southeastern U.S. Continental Margin, a

significant amount of any potential fines and therefore a like
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amount of any potential particulate pollutants carried over the
shelf will become entrained in the Florida Current.

For at least two hundred years, it has been known that the
Florida Current affects the outer portions of the continental
margin of the region. Meanders and eddies periodically intrude
upon portions of the shelf and there appears to be a consistent
deflection of the mainstream seaward at the Charleston Bump
(Pietrafesa and others, 1978; Rooney and others, 1978;
Pietrafesa, in press). It is a given fact that at times the
Florida Current and its perturbations act to resuspend shelf
sediments and play a major role in the distribution and
ultimate fate of the suspended sediment of the study area. The
Florida Current factor should be kept in mind throughout the
discussion which follows.

Previous Work

Little in the way of three-dimensional or seasonally synoptic
investigations of suspended sediment over the area of the southeast U.S.
Atlantic Margin have been undertaken. These are summarized in Emery and
Uchupi (1972). Using data from bucket samples, Manheim and others
(1970) found that surface suspended sediment concentrations decrease
rapidly away from shore during a May-June 1965 cruise. Rodolfo and Buss
(1971) found that strong wave action associated with the 1969 hurricane
Gerda resuspended significant amounts of bottom sediment but that
relaxation time was relatively short. Atkinson and Stefansson (1969)
found aluminum and iron concentrations in the area ranged, respectively,
from 0.4 ygel™" to 70 pg.l”l and 0.0 to 2.9 1g.1”! and that
concentrations were inversely related to salinity. They further pointed

out that concentrations were significantly lower than would be expected
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from simple mixing, suggesting sedimentation of clays had removed
aluminum and iron from the system. Feely (1975), Helz (1976),
Krishnaswami and Sarin (1976), Patterson and others (1976), Wallace and
others (1977) have described the concentrations of wvarious trace metals
in parts of the Atlantic Ocean and Gulf of Mexico not contiguous with
the southeastern Atlantic United States Bight.

A considerable amount of trace-metal work is being carried out by
Windom and Atkinson at the Skidaway Institute for Oceanography. Much
remains in preparation (see 1978 Final Report of Texas Instruments, Inc.
to the Bureau of Land Management on Benchmark Studies of the Georgia
Embayment for a complete reference list).

Approach

In this second year, we have carried out extensive particulate
trace-metal analysis on the samples which were collected during 1977.
Our program included analysis for amorphous silica and also for weak
acid soluble Cd, Cu, Fe, and Pb. In addition, we have analyzed these
samples of suspended material for refractory Al, Cd, Cu, Fe, Pb, and Si.
Based on X-ray diffraction studies carried out in the first year, we
made use of the ideal formula for kaolinite to account for refractory
aluminum and silica which allowed us to estimate total inorganic content
and, from that, organic content without the vicissitudes of POC
methodology caused by the glass fiber and silver filters (Doyle and
others, 1978). Data resulting from these analyses are shown in
Appendix 2-1 (Open-File Report 81-852-B) which also contains
pertinent data from last year’s study for completeness.

First, to remove carbonates and other nonrefractory metal
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hydroxides (Chester and Hughes, 1967; Betzer and others, 1977), the
samples of suspended material on Nuclepore1 filters were leached with
252 v/v acetic acid. Following the weak acid 1leach, biologically
precipitated silica was determined for samples from transects 1, 4, 5,
and 7 using doubly chelexed, 2.0 M Na2C03 (Eggimann and others, 1980).
Finally, the remaining refractory material was brought into solution
following the technique of Eggimann and Betzer (1976). The weak acid
leach was, of course, performed during the first year’s study when Ca
and Mg were determined. All samples and solutions were stored in
air-tight, acid-leached, snap-top polyethylene vials in which the pH had
been reduced to avoid adsorption and precipitation losses (Robertson,
1972) . The concentrations of aluminum, cadmium, copper, iron, and lead
were determined by atomic absorption spectrometry and silicon by
spectrophotometry. Data are tabulated .in Appendix 2-1, Open-File Report 81-852-B.
Bovine liver and orchard leaves obtained from NBS, as well as the
common standards P.C. 1, P.C. 2, and P.C. 3, were run in the trace-metal
laboratory in order to check accuracy of analyses. Results are shown in

Appendix 2-1A, U.S. Geological Survey Open-File Report 81-852-B.

RESULTS AND DISCUSSION

Seasonal Aspects of Partitioning Among the Major,

Suspended Sedimentary Components

Appendices 2-2 to 2-5 show
seasonal distribution of aluminum silicates, amorphous silicates, and

organic content in near-surface and near-bottom waters of the study

1Use of trade names in this report is for descriptive purposes only and

does not constitute endorsement by the U.S. Geological Survey.
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area.

Percentages of aluminum silicates 1in surface waters decrease
regularly away from shore in all seasons. During the February-March
period, the May period, and the November period, surface water
percentages of aluminum silicates decrease to between 2.5%Z to 5% by the
100 m isobath. During the August period, contours were displaced
landward with the 2.5% contour 1lying at about midshelf reflecting the
low runoff and relatively quiet weather of that time. During the late
winter period of February-March 1977, up to 20% of the total suspended
load was composed of aluminum silcates in near-surface waters as far
seaward as midshelf, especially in the region north of Charleston.

Distribution of aluminum silicates in bottom waters is somewhat
more complicated. Generally, the overriding trend is still one of
decrease in the seaward direction, with higher value contours displaced
seaward relative to the surface distribution. For example, in bottom
samples 5% to 10% aluminum silicates are the norm over the 100 m
isobath.

Amorphous silica, chiefly derived from diatom tests, generally
follows the trend of aluminum silicate values and decreases with
increasing distance from shore. Patterns are more irregular, however,
with considerable patchiness, especially in winter and summer periods.
Values range from a high of over 60% downward. Organic content ranges
from over 90% to under 40% with lowest values nearshore. Patches of low
organic content are generally associated with high aluminum silicate
values.

Calcium carbonate, the remaining major component, was discussed in
the report for BLM contract AA550-MU6-56. Values are generally more

patchy than any other major component. SEM photographs (Doyle and
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others, 1978) showed that coccolith plates were the major carbonate
constituent with a good deal of fragmented material tied up in
aggregates and fecal pellets. In most cases, there is an overall trend
of lowered carbonate percentages nearshore and also in samples where
there is an abundance of aluminum silicates. Values range from a few
percent to over 40%. Some of the patchiness may be the result of
resuspension of bottom materials caused by storm waves or incursions of
the Florida Current. Lack of similar patchiness in the distribution of
aluminum silicates suggests that the fine clays have been winnowed from
shelf deposits long ago and that what is being contributed now moves
relatively quickly across the margin.

Sedimentation Potential

In last year’s report, we established the concept of sedimentation
potential. We estimated the volume of shelf water lying between 0 and
100 m and slope water lying between 100 and 400 m by calculating surface
area using a polar planimeter and multiplying the results by weighted
average depths arrived at from bathymetric cross sections. Water volume

3

between 0 and 100 m is estimated at 3.3 x 103 km~ with a surface area of

67,400 kmz. Water volume between 100 and 400 m depth was calculated to

3 with an area of only 22,300 kmz. Using

be approximately 6.6 x 103 km
these +wvalues, the total suspended loads and the major sedimentary
components of the suspended matter, we estimated the standing crop of
particulate matter, carbonates, amorphous silica, clays and total
inorganic matter for each of the four sampling periods. The results are
presented as table 2-1. Since no A stations, those closest inshore,
were sampled in the spring and fall, for consistency we have dropped

them from the winter and summer calculations as well. In addition, only

transects shown in figure 2-1 were used in calculations, not the entire
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50 sampled in year 1977. For these reasons, values for total suspended
load and calcium carbonate differ slightly from those reported last
year.

Also presented in table 2-1 is the sedimentation potential of each
of the major components for the shelf and the ‘slope. Sedimentation
potential is the amount of material in mg that would be deposited on one
square cm if all the material in the water column were sedimented out at
once. Obviously, this never occurs in nature but the measurement is of
value in illustrating the contrast between the amount of material in
suspension over the shelf and over the slope.

Perusal of table 2-1 shows that shelf total suspended loads and
inorganic components of that load were highest during the winter period.
In addition, the total mass of organic matter over the shelf during the
winter was quite high, only being exceeded during the summer sampling.
During the spring sampling, shelf waters contained the least amount of
particulates. Summer and fall shelf suspended loads were similar in
both amounts and in the distribution of major sedimentary components,
with the exception of calcium carbonate which was enriched by a factor
of two in the suspended fraction of the fall sampling relative to the
summer .

The situation on the continental slope is more complex. The total
mass of suspended load, of calcium carbonate, and of amorphous silica
are all highest during the winter period. However, the mass of aluminum
silicates and of organics suspended in slope waters is highest during
the summer period. Aluminum silicate loads in slope waters were also
higher in the fall sampling than in the winter period.

Values of total suspended load for aluminum silicates shown in

table 2-1 are lower by two or three orders of magnitude than the amount
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of material estimated to be carried by southeast Atlantic rivers to the
sea, about 18.7 x 106 metric tons.yr-l. Most must be trapped in
estuaries or be present in the innermost shelf =zone which we have not
adequately sampled. However, it is apparent from the gradients for
aluminum silicates and refractory iron over the shelf that some of the
riverborne material does escape.

Trace-Metal Distribution

The distribution of trace metals between weak acid soluble and
refractory fractions is shown in Appendices 2-6 to 2-9 (Open-File
Report 81-852-B). Weak acid soluble cadmium ranges from a high of
0.01 pg.l-1 to a low of less than 0.0005 pg.l-l. Values are generally
high nearshore and decrease offshore. Highest values were measured
during high winter runoff periods. Anomalously, highest values during
this period were observed at some offshore stations, notably south of
Jacksonville and seaward of the 100 m isobath east of Savannah. Spikes
of up to 0.006 ug.l-1 were present in surface waters near the Savannah
area in winter, summer and fall periods. They did not show up during
the spring measurements, when concentrations were lowest overall.
Bottom values conform, in the main, with surface patterns.

Weak acid soluble copper concentrations range from over 0.1 ug.l_l
to less than 0.005 ug.l_l. As with cadmium, the most complex pattern
was observed during the winter period. In general, values are
regionally highest nearshore and decrease seaward in both surface and in
bottom waters. There are several exceptions. During the spring
sampling, a relatively high concentration is present in surface waters,
but not in bottom waters, over the shelf edge northeast of Jacksonville,
Florida, during the summer and a high concentration patch that dominates

the whole pattern of distribution like a bull’s-eye was present in both
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surface and bottom waters of the inner shelf, just seaward of Savannah
during the fall.

Weak acid soluble lead ranges in value from over 0.l ug.l-l to less
than 0.005 pg.l-l. Like most of the other trace metals, concentrations
are usually highest nearshore and decrease seaward. Lead shows an added
trend of high values near the northernmost part of the study area at
Cape Fear decreasing to the southeast. This trend is evident in all
seasons. It may indicate a source in Pamlico Sound, or that Virginia
shelf water, which sometimes invades the Carolinian province, 1is
enriched in lead relative to shelf waters south of Cape Fear. Copper
shows a subdued but similar trend of increasing concentration near Cape
Fear in the winter and spring measurments.

Both weak acid soluble and refractory iron show the most regular
distributions of any variables measured. They decrease from relatively
high concentrations nearshore to relatively low concentrations offshore.
Only in the November sampling period is there a break in this pattern, a
relatively high patch on the inner central shelf about midway between
Jacksonville and Savannah. As expected, highest overall concentrations

were measured during the high runoff period of late winter.

CONCLUSIONS
Partitioning of the total suspended load into its major components
and characterization of 1its trace-metal load results in the following
conclusions and modifications to the conclusions arrived at last year.
1. Total suspended. load values in all seasons decrease seaward.
This pattern is also evident for the standing crops of aluminum
silicates and amorphous silica (chiefly diatoms) as well as

for, weak acid soluble cadmium, copper, iron, and lead, and
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refractory iron. These relationships suggest that trace metal
and refractory iron distributions are governed by aluminum
silicates brought down by the rivers and escaping from the
estuaries. The trend of decreasing percentage amorphous silica
offshore is probably due to the mixing of relatively high
nutrient shelf waters with progressively lower and lower
nutrient waters offshore as well as an 1increase 1in the
percentage of organic material and calcium carbonate offshore.
Organic content and calcium carbonate show a trend inverse to
the aluminum silicates, trace metals, and amorphous silicates
although the 1latter shows the most patchy distribution of any
component.

The amount of aluminum silicate material in suspension over the
margin at any one time is two or three orders of magnitude less
than estimates for that brought down by rivers each year. This
suggests that most terrigenous material is trapped in estuaries
or deposited on the inner shelf. Some leakage to the margin is
indicated, especially in the winter, and may be significant in
the long term.

Patchiness in the distribution of calcium carbonate may in part
be the result of resuspension of carbonates by storm waves and
incursions of the Florida Current. Lack of patchiness in the
alumino-silicate and iron distributions on the other hand
suggests that both the river-contributed sediment escaping the
estuaries and also inner shelf clastics move rapidly across the
shelf.

There is a great weight of data in the literature which points

out that the continental shelf of the eastern United States 1is
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an area of winnowing and nondeposition. This means that
sediment which gets into the system from the continent may be
deposited and resuspended on the continental shelf many times
by storms, currents, and near the shelf break, perhaps by
breaking internal waves. Once it has moved over the shelf
break, however, on a normal slope system, the sediment settles
out and the water is deep enough to preclude the operation of
processes of resuspension and winnowing, which are so important
on the shelf. Therefore, sediment builds up and the slope is
generally a depositional area relative to the continental
shelf. This is the situation that applies to continental
margins in general, but is not necessarily specific to that in
the study area, where a significant amount of fines and
therefore a proportionate amount of any potential particulate
pollutants carried over the shelf will become entrained in the

Florida Current.
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CHAPTER 3

zlng IN SEDIMENT CORES FROM THE ATLANTIC CONTINENTAL SHELF:

ESTIMATES OF RATES OF SEDIMENT MIXING

Michael H. Bothner and Peter P. Johnson

ABSTRACT
210Pb profiles in sediment cores from the Atlantic Continental
Shelf show that this short-lived isotope (T% = 22.3 yrs) is being mixed
into the surficial layer of relict shelf sediments. Depths of mixing
are typically between 20 and 28 cm, except at one location on Georges

Bank where the 210

Pb profile suggests erosion. A simple model allows an
estimate of the mixing coefficient and predicts the depth distribution
of a pollutant added to the seafloor with time due to biological
reworking. This model may help predict the fate of contaminants added
to continental shelf sediments.

210Pb inventories and 14C measurements suggest that the area of
fine-grained sediments (8,000 ka) on the continental shelf south of
Martha’s Vineyard constitutes a modern sedimentary feature, in contrast
to earlier descriptions of the area. To our knowledge, this is the only
site of present-day natural deposition on the continental shelf off the
eastern United States, exclusive of the Gulf of Maine. This sink for
modern fine-grained sediments would also be a sink for modern
sediment-related pollutants. Because the net currents on this part of
the shelf flow from northeast to southwest, the fine-grained sediments

depositing south of Martha’s Vineyard may be resuspended from Nantucket

Shoals and Georges Bank regioms.



INTRODUCTION

The continental shelf environment off the eastern United States
provides for a wide range of commercial activities. Fishing and
shipping have been important since the early development of this
country. More recently other uses or potential uses include waste
disposal, hard mineral mining, and petroleum resource development. In
order to assess compatibility among all the proposed activities on the
continental shelf a basic wunderstanding 1is required of the natural
processes acting in this environment.

This study examines the process of sediment mixing which effects
the upper 20-40 cm of sediment and is caused by benthic organisms and/or
currents. To monitor the mixing process we have collected sediment

210

cores and determined the distribution of Pb, a naturally occurring

radioisotope with a half-life of 22.3 yrs.

The specific goals of this study were to: 1) estimate the rates and

210

depths of sediment mixing from Pb profiles in sediments; and 2) use

210

the total inventories of Pb to define areas likely to be sinks for

those pollutants which have a geochemical behavior similar to that of

21OPb. This information is important in predicting the fate of

contaminants added to the continental shelf environment. Knowledge of
sediment-mixing dynamics permits an estimate of how fast and to what
depth a pollutant will be mixed into the sediments. The identification
of areas where pollutants accumulate and areas where they do not
accumulate 1is a valuable aid in assessing the impact of any pollutant
discharge.

2105y, pas a unique geochemical cycle (fig. 3-1). Some of the noble

222 226

gas Rn generated from Ra in rocks and sediments near the earth’s



Figure 3-1. Geochemical pathways of 21OPb leading to unsupported 210Pb in

coastal marine sediments.
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surface diffuses and mixes into the atmosphere. The 222Rn decays to

210Pb which has an atmospheric

210Pb

short-lived intermediaries and then to
residence time of about five days (Turekian and others, 1977).
introduced to coastal waters off the northeastern United States from the
atmosphere has a residence time of about two years (Thomson and

Turekian, 1973) before being deposited in bottom sediments. The

210

atmospheric flux of Pb to the surface waters of the continental shelf

off the northeastern United States is about 1 disintergration per minute

per square centimetre per year (dpm.cm-z.yr-l)(Benninger, 1976). This

210 210

represents the major source of excess Pb. Excess Pb is defined as

the activity above the level supported by parent isotopes in the

sediment. An additional source of excess 210Pb results from the decay

of ‘26Ra dissolved in seawater; however, this contribution is less than

10% of the atmospheric flux for water column depths over the continental

210

shelf (Benninger, 1976). Pb is also produced in sediment following

the decay of in situ 226Ra; this contribution represents the
parent-supported 21OPb activity. The supported 210Pb is subtracted from
the total 210Pb to determine the level of excess 21OPb.

The most suitable environments for use of excess 210py, to determine
sedimentation rates are areas with anoxic sediments, little biological
or physical mixing, and accumulation rates of millimetres to a few
centimetres per year. Bruland (1974) has obtained excellent agreement

210

between the sedimentation rates obtained from Pb and from counting

annual varves in sediments from the Santa Barbara Basin. The 21OPb
technique has also been used to determine the rates of accumulation on
the continental shelf off the Columbia River (Nittrouer and others,

1979) and off the Mississippi River (Shoaks, 1976). Application of this

technique for determining rates of sediment accumulation is complicated
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by bioturbation and other sediment mixing mechanisms, particularly in
areas of low sediment accumulation. The use of 210Pb to estimate rates
of mixing or rates of accumulation in any environment requires the

210

following assumptions: 1) that the flux of Pb to an area is constant

210Pb after deposition except

with time; and 2) that there is no loss of
by radioactive decay.

In general, the sediments of the continental shelf off the eastern
United States have been classified as relict (Emery and Uchupi, 1972).
There are no large sources of new sediment to the continental shelf at
present. In fact, the large drowned estuaries at the mouths of major
rivers on the East Coast are thought to be sinks for continental shelf
material transported landward (Meade, 1969). Thus, the profiles of

210

excess Pb in sediment cores in most areas may be due primarily to

mixing of the sediments by organisms and currents.

METHODS

The sediment cores were collected at the locations shown in
figure 3-2 with a hydraulically damped gravity corer which has features
similar to  those described by Pamatmat (1971). This apparatus
(fig. 3-3) 1is designed to minimize disturbance of material at the
water-sediment interface. The sediments are collected in a thin-walled
fiberglass core tube which is held vertically within a pyramid
structure. Once the structure reaches bottom, the core tube penetrates
the sediment at a rate which is slowed by a water-filled piston.
Maximum sediment penetration is 70 cm, although in sandy  shelf
sediments, cores less than 40 cm in length are most common.

The sediment cores were frozen after collection. Prior to

analysis, the cores were extruded from the core barrels, allowed to



Figure 3-2. Locations of hydraulically -damped gravity cores, vibracores, and
piston cores analyzed in this study. Dashed contours south of
Cape Cod outline area of anomalous fine-grained sediment called

the "mud patch" (Schlee, 1973): --- muddy sand; —e+—— *silt.
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Figure 3-3. Hydraulically damped gravity corer: designed to take undisturbed
cores of near-surface sediment up to 70 cm in length. A water-
filled piston regulates the speed at which the core barrel
penetrates the sediment. Width 2 m, overall height 3 m, core

diameter (I.D.) 8.4 cm.






thaw, and cut into 1= or 2-cm intervals. Water contents were determined
by ovendrying a known weight of sediment at 70°C for 48 hours. In
sediments containing more than 80% sand or coarser material, the water
contents are minimum values. Water was observed to drain through these
very porous unconsolidated sediments both at the time of sample
collection and during subsampling.

210

Determination of

210

Pb activity was carried out by analysis of the

granddaughter
210

Po which is assumed to be in secular equilibrium with
Pb as 1is found in other coastal areas (Nittrouer and others, 1979).
Approximately 2 g of dried sediment were wet-oxidized in covered beakers
at 130°C for 20 hrs with 20 ml of concentrated nitric acid in the
presence of a 208Po spike of known activity. The beakers were then
uncovered and the solution evaporated nearly to dryness. Sample
temperature was maintained below 150°C to avoid volatilizing the Po
isotopes. Because nitric acid interferes with a subsequent step,
nitrates were volatilized by adding about 10 ml of 6N HC1l and
evaporating nearly to dryness. This operation was repeated four times.

210 208

Po and the Po spike were spontaneously plated onto silver discs

under chemical conditions described by Flynn (1968).
The alpha activity of the Po isotopes on the silver discs was

determined by counting with silicon-surface barrier detectors connected

08

to a multichannel analyzer. The activity of the 208p,, spike was

210Po standard solution obtained from the Nuclear

calibrated against a
Regulatory Commission, Health and Safety Laboratory, New York, New York.
Standard radioactive decay equations were used to calculate the activity
of each sample in the core on the date of sample collection. The level

of 210 226

Pb supported by Ra activity in the sediments was estimated from

the deeper sections of hydraulically damped gravity cores or vibracores
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presumably below the influence of modern sedimentary processes. A few

sediment samples from the southeast Georgia Embayment were analyzed for

226 210P

Ra directly to determine the level of supported b. Inventories

210 210

of excess Pb were calculated from the Pb profiles after correcting

for water content in the cores and by assuming a grain density of

2.6 g.cc-l. Tabulated data on total 210

210

Pb activity, texture, water

content, and estimated supported Pb is presented in Appendix

tables 3-1, 3-2, 3-3 (U.S. Geological Survey Open-File Report 81-852-B).

RESULTS

Inventories of Excess glggg.;g Sediments

210

Pb flux to surface waters of the continental

shelf is assumed to be about 1 dpm.cm-z.yr-l; the same as that measured

The atmospheric

for coastal land areas (Turekian and others, 1977). If this same flux
reaches the bottom sediment wunder steady-state conditions, the total

210p, 15 sediments would be 32 dpm.cm-z. Areas

inventory of excess
having higher inventories suggest preferential accumulation of 210Pb,
perhaps by advection of particulates carrying 210Pb from other areas.
Lower inventories imply nondeposition of 210Pb or erosion of sediment.
Inventories at the locations sampled are presented in figure 3-4.

2105,

Core 4521B, from the central region of Georges Bank, has a
inventory mnear =zero, suggesting that this area is nondepositional or
erosional. This interpretation 1is consistent with the high energy
conditions characteristic of this area (Butman and Folger, 1979).
Except for the area south of Martha’s Vineyard, cores from the
mid-Atlantic Shelf are either below or approximately equal to the level
in equilibrium with the atmospheric flux.

210

South of Martha’s Vineyard, the higher Pb inventories occur in
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Figure 3-4,

210Pb inventories:

sediment,
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sediments representing a deposit which is finer than the surrounding
area. This feature, known as the "mud patch", occupies an area of about
8,000 km2 and has up to 14 m of fine sediments (Twichell and others,

210

1979). These higher Pb inventories suggest that this feature is a

modern sink for pollutants in the water column. 14

C profiles support
this suggestion.

Four cores approximately 6 m in length were recovered from this
sedimentary deposit with piston and vibracorers at locations shown in

14C analyses were performed on the organic carbon fraction

figure 3-2.
of the sediment by Elliott Spiker, U.S. Geological Survey, Reston,
Virginia. The two cores at the east end of the feature have 140 ages
increasing uniformly with depth, indicating a uniform rate of
sedimentation of approximately 50 cm.1,000 yrsm1 (fig. 3=-5). Surface

14C data are expected

ages of about 1,000 yrs extrapolated from this
because: 1) organisms mix older carbon from deeper sediments into
surface sediments; 2) the sediments contain older terrestrial carbon and
detrital coal and graphite having an infinite 14C age; and 3) the rate
of exchange between atmospheric and oceanic carbon is slow.

In the finer sediments characteristic of the central area of the
"mud patch", a slower accumulation rate was measured at the tops of
cores compared to the bottoms (fig. 3-6). In the upper sediments, the

1 at the

rates are about 30 cm.1,000 yrs"l compared to 125 cm.1,000 yrs~
bottom of the cores. The slower rates suggest a decreasing source of
fine-grained sediments with time. Because the net currents on this area
of the shelf flow from northeast to southwest, parallel to depth
contours (Bumpus, 1973), the source of sediments is probably the

Nantucket Shoals and Georges Bank regions. A decreasing supply of fine

sediments 1is expected from these sources because the fine sediments
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Figure 3-5.

1 . . .
4C age determined on total organic carbon in sediment cores from

the eastern edge of the "mud patch' south of Martha's Vineyard.
Vertical bars represent the thickness of the sediment sequence
sampled. Horizontal bars represent the estimated error (1 ¢) from
counting statistics plus variable laboratory factors. Least squares
regression lines through the data points suggest accumulation for
core 4507 of 45 (:m'l,OOO—l yrs and for core 4508 of 55 cm'l,OOO_l

yrs. Analyses performed by Elliott Spiker, USGS Radiocarbon

Laboratory, Reston, Virginia.
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Figure 3-6.

140 age determined on total organic carbon in sediment cores from
the central area of the "mud patch" south of Martha's Vineyard.
Vertical bars represent the thickness of the sediment sequence
sampled. Horizontal bars represent the estimated error (1 0) from
counting statistics plus variable laboratory factors. Least squares
regression lines through the data points suggest accumulation for
core 4711 of 80 cm1,000™ " yrs and for core 4722 of 130 cm+1,000 T

yrs. Analyses performed by Elliott Spiker, USGS Radiocarbon

Laboratory, Reston, Virginia.
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originally deposited in glacial tills and outwash are continuously being
eroded away leaving behind an increasingly thick cover of residual sand

and gravel.

14 210py,

The increasing ~ C ages with sediment depth and the higher
inventories imply that this area is a modern sink for fine-grained
sediments and for pollutants associated with particulates in the water
column. Some preliminary data show that zinc and stable isotopes of
lead have consistently higher concentrations (up to two times) in
surface sediments than in sediments below the mixed zone, implying
accumulation of modern contaminants. To our knowledge, this is the only
site of present-day natural deposition for fine sediments and
sediment-related pollutants on the continental shelf off the eastern
United States, exclusive of the Gulf of Maine.
2105, profiles

The 210Pb inventories in sandy sediments off the New Jersey coast
are variable but average about 30 dpm.cm-z. Because there is no modern
source for the sand making up the surface sediments we interpret these
inventories to be a result of adsorption of excess 210Pb at the
water-sediment interface or by incorporation of 21OPb into the sediments
with a small amount of fine-grained sediment or organic matter.

In two cores from the southeast Georgia Embayment, the inventories
of excess 21OPb are similar to those found on the Middle Atlantic Shelf
(29 dpm.cm‘z). One core on the shelf edge has higher inventories
(80 dpm.cm'z) and may suggest some preferential accumulation of 210Pb-
Estimates of inventories are more uncertain in this study area however,
because most cores show a variable level of supported 210Pb in the lower

210

section. One core (4538) had variable texture and erratic Pb values

throughout its length and no inventory could be calculated. To estimate
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the supported 210Pb, we sent a number of samples from the southeast

Georgia  Embayment to  Environmental Analysis Laboratories for

£ 226

determination o Ra activity, the parent of 210Pb. The results

(Appendix table 3-3) are variable with depth, perhaps because of

variation in the carbonate content of the cores. Carbonates have been

226Ra in some cases (Turekian and Cochran, 1978).

210

shown to concentrate
We have made an estimate of the average supported Pb, but the
inventories calculated should be considered preliminary.

The major features of a classical 210

Pb profile can be seen in a
core collected near the mouth of the Columbia River in an area of active
sediment accumulation (fig. 3-7; Nittrouer and others, 1979). The
uniform activity in the upper 9 cm is thought to be due to rapid mixing
by organisms and currents. The region of semilogarithmic decrease of

210Pb with depth is interpreted to be free of mixing and the rate of

210

sediment accumulation is calculated from the slope of the excess Pb

decrease. Below about 30 cm, the 210Pb is constant, reflecting the

f 210Pb supported by 226Ra in the sediments.

level o

The profiles of 21OPb obtained in this study are arranged in
geographic order from north to south. Most of the cores have at least
part of the features present in the classical profile described.
Core 4521B (fig. 3~8a) from Georges Bank has uniform and low activities
with depth. This sample appears to contain only supported 21OPb
activity. Both the uniform profile and the estimated zero inventory of
excess 210Pb suggest that the sediments in this area are eroding.

In the "mud patch" south of Martha’s Vineyard and Nantucket Island,

the 210

Pb profiles are similar to the classical profile. The
semilogarithmic decrease of 210py in  this part of the shelf may be due

in part to modern sediment accumulation. However, as seen in core 4508A
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Figure 3-7.

Ideal 21OPb curve (after Nittrouer and others, 1979): 0-9 cm,
vertical profile due to sediment mixing; 9-22 cm, semilogarithmic
decrease in 210Pb activity due to sediment accumulation; 22-45 cm

activity of background 210Pb supported by 226Ra in the sediments.
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Figure 3-8a-8p

Profiles of 210Pb activity €o- excess, -w-total) and texture in

hydraulically damped gravity cores. Error bars reflect 1

standard deviation due to counting statistics. Samples having

no excess Zlon indicated by X. Dashed lines represent our best
estimate of the 21OPb (excess) trend by excluding points presumably

affected by inhomogeneous mixing. Slope of dashed lines are used

to estimate mixing rates.
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from the eastern edge of the "mud patch" (fig. 3-8d), there are

210Pb activity (for example, at 14 and 21 cm)

subsurface peaks in the
which are probably due to the transport of surface material downward by
organisms. The sedimentation rate calculated from the slope of points
which fall close to a straight line is 170 cm.1,000 yrs-l, more than

three times higher than the rate determined with 140.

The higher rate
is probably a result of mixing the entire 22 cm of sediment recovered
with more efficient mixing in the top 10 cm.

The cores from areas of finest sediment in this deposit (4712,

210Pb

4714) (figs. 3-8e and f) also have subsurface peaks in the
profile. Sedimentation rates obtained from points approximating a
straight line are almost three times faster than those determined with
14c. The noise in the data makes selection of the "best" slope somewhat
arbitrary, but clearly, the mixing in these sediments precludes the use

of 210

Pb as an independent indication of sedimentation rates.

0ff the coast of New Jersey at location AII 89-115 (fig. 3-8h)
there is evidence that the sediments are not accumulating. Horizontal
planes identified with high-resolution seismic reflection are truncated
where they outcrop on the flanks of a small ridge (H.J. Knebel, U.S.
Geological Survey, personal communication, 1979). In addition, the
heavy minerals in surface sediments in this area are concentrated
(Knebel and Twichell, 1978) which suggests winnowing.

The 210Pb profiles in these relict sediments (Emery and Uchupi,
1972) must be due to sediment mixing by organisms and currents.
Organisms are likely to be the most important mixing agents in those

2105,

cores which have a 1logarithmic decrease in starting at the

water-sediment interface. Storm resuspension and deposition would

probably leave a wuniform 210Pb distribution over the depth interval
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affected. These 210Pb profiles are used to estimate rates of mixing
with a simple mixing model, which is discussed in a later section.
The 210Pb profiles in cores from the southeast Georgia Embayment,

do not show the features of the idealized curve. Cores 4546 and 4614

(figs. 3-8m and p) show a general decrease 1in 210Pb activity with depth

210

but the cores did not penetrate to a depth of constant low Pb

activity as was observed in many cores from the '"mud patch" area. The
scatter in the data from these two cores may be due to difficulties in

selecting homogeneous small subsamples from coarse-grained sediments. A

226

second explanation may be the variable content of Ra with depth in

these sediments contributed by carbonate minerals. Since 226Ra is the

210Pb

grandparent of , Vvariations in 226Ra would account for variations

in the 1level of supported 210Pb. We interpret the general decrease of

210Pb activity in these two cores to result from adsorption of excess

210Pb at the water-sediment interface with subsequent biological
reworking which apparently extends to at least 25 cm.

Core 4602 (fig. 3-8n) has a nearly uniform 210Pb activity

226Ra levels are very low

throughout the 32 cm of penetration. The
(0.04 dpm-g-l)(Appendix table 3-3) suggesting that the entire sediment
column contains about 1 dpm-g"1 of excess 210Pb. Our interpretation of
this profile is that very rapid mixing affects the entire sediment core.

The process responsible may be physical mixing by currents in
addition to biological mixing. A core on the leading edge of an active
sand ripple with amplitude in excess of 32 cm would be expected to have
a 210Pb profile similar to the one observed at this station.

The 210

Pb profile of core 4538 (fig. 3-8l) is unusual because the
activity is lowest at 30 cm and then increases with depth to 60 cm.
Texturally this core is complicated by a zone of finer material at about
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20-40 cm depth with coarse material above and below. The carbonate
fragments in the wupper and lower section of this core were the size of
gravel and so samples were ground to assure that small subsamples were

representative of the cored sediment.

226

The Ra values from this core are highly variable with depth. 1In

226 210

Ra and total Pb

2105,

the coarser sediments at 15 and 60 cm, the

. At 5 cm and
210

activity are nearly the same, suggesting no excess

226

31 cm, however, the low Ra activity suggests that excess Pb is

210Pb is expected in the upper parts of

210

present. The presence of excess

the core due to mixing. It’s difficult to interpret excess Pb at

31 cm below a layer where no excess 210

Pb exists. Either this sample
has been affected by deep-mixing organisms or the isotopic data is in
error.

Our experience with this core suggests that 210

Pb analysis should
be restricted to cores having uniform texture and mineralogy throughout

their length.

The Mixing Model
210

The mechanism of incorporating Pb into a relict sediment column

which is mixed by biological or physical processes requires adsorption
at the water-sediment interface. Resuspension of bottom sediment, a
common phenomenon on the continental shelf during storms (Butman and

Folger, 1979), could present additional adsorption surfaces to dissolved

210Pb. This mechanism has been cited to explain the horizontal

210Pb in the deep sea (Bacon and

concentration gradient of dissolved
others, 1976). Once associated with the bottom, the new 210Pb is
carried with sediment during the mixing process. In addition, organisms

which draw overlying seawater into the sediments could enhance the

210

exposure of dissolved Pb to sedimentary particles.
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The framework for the model is the conservation of mass equation

for a radioactive tracer, and treats mixing as a diffusive process:

dA _ _ 3%A dA
3 K 372 = S 37 " AA (1)

A = the mass of element A, t = time in seconds, K is a diffusion or

2.s.l), Z is sediment depth in core, S is a

210P -1

mixing coefficient (cm

sedimentation rate, and A is the decay constant for b (s ). If we
assume steady state and no sediment accumulation, the equation reduces

to a balance of mixing and radioactive decay.
K5-2'2'=)\A (2)

The solution of this equation is:

1
5
= A e WR 2
(6]

A 3)

The mixing coefficient K is the only unknown in the equation and
can be evaluated from the slope of the 1line relating excess 210Pb
activity and depth. For core AII 89-~115, the mixing coefficient 1is
2.5 x 10-8 cmz.s-l. This is within the range measured by others using
more elaborate mixing models in the coastal zone (Guinasso and Schink,
1975). Mixing coefficients calculated with this model are reported for
all the cores in table 3-1.

The mixing depth, also reported in table 3-1, is defined as the
maximum penetration of excess 21OPb into sediments that are not
accumulating. This depth 1is estimated directly from the profile of

excess 210p, in the sediment cores. In the area of the "mud patch" both
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Table 3-1. Estimated mixing coefficient and maximum depth of mixing

Core Mixing coefficient Depth interval Mixing depth
cmz/s considered (cm) (cm)

4507 too few samples >18

4508 3x 1078 (8- 16) 21

4521 No excess 210Pb 0 (apparent erosion)

4527 1.3 x 1077 (10 - 20) 28

4712 1.7 x 1077 (0~ 19) 22
6.7 x 1077 (19 - 25)

4714 5.8 x 1078 (1 -10) 20
8.3 x 1072 (10 - 15)

AII 89-098 3.2 x 1075 (0 - 15) 19

AII 89-115 2.5 x 1079 (0= 15) 21

AII 89-119 5.0 x 10™° (6 -11) 18
4.4 x 1072 (11 - 14)

AII 89-133 4.3 x 1073 (3= 15) 19

AII 89-134 1.9 x 1073 (1 -14) 12

4538 profile too erratic for estimate of mixing rate

4546 2.1 x 1077 ( 0 - 25) >25

4602 mixing homogeneous, too fast for estimate >32
by this method

4614 3.5 x 107/ (0 - 25) >25
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the mixing coefficient and mixing depth are maximum values because the
effect of sedimentation has not been included.

We have used the mixing coefficient and the estimated mixing depth
to calculate the expected distribution of contaminant in sediment as a
function of time. The  hypothetical example requires that the
contaminant be added in a single pulse to the surface of the sediments
and that it behave chemically and physically like Pb. Assuming that the
contaminant is stable and that it is redistributed only by continuous

biological mixing, its distribution with time may be described by:

9A _ . %A
ar - K322 “

The solution to this equation is:

Q e—Zz/4Kt (5)

A = Txe

where Q = the amount of material.cm"2 (Csanady, 1973).
Figure 3-9 shows the calculated depth profiles of the contaminant
at 5, 10, 50 and 100 yrs after initial deposition wusing the mixing

210Pb

coefficient and the depth of maximum mixing predicted from the
data at 1location AII 89-115. Mixing by biological processes alone

accounts for 5 cm penetration in 5 yrs. The effect of storms could

increase the rate of pollutant penetration considerably.

CONCLUSIONS AND RECOMMENDATIONS

210p, 44

One of the most interesting findings of this study is that
mixed into relict continental shelf sediments. Pollutants having a

similar affinity for sediments may be incorporated into sediments by the
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Figure 3-9. Hypothetical distribution of a pollutant in sediments 5, 10, 50,
and 100 years after instantaneous deposition on the seafloor.
Redistribution is due to diffusive mixing. The mathematical model

uses a mixing coefficient of 2.5 x 1078 cm /s7?.
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same mechanism, which is thought to involve adsorption at the
water-sediment interface followed by mixing into the sediment by
organisms and currents. The surface 10 cm is often mixed very rapidly
relative to the 22.3 yr half-life of 210Pb, resulting in a uniform 21on
activity. Below 10 cm in relict sediments, a slower rate of mixing is
7t

generally observed with mixing coefficients ranging from 9 x 10°’ to

4 x 109 cmz.s—l. The depth of active sediment mixing estimated from the
210Pb profiles typically extends to 20 cm and occasionally to 28 cm.
This data is wuseful in predicting the rates and depth of mixing for
other pollutants which behave chemically like Pb.

The inventories of excess 210Pb suggest sediment erosion on Georges
Bank, in agreement with the high energy of tidal and storm currents

210

known to characterize this area. High Pb inventories in the

fine~grained sediments south of Martha’s Vineyard support the evidence
from 140 data that the sediments in this area are presently
accumulating. This area is thus identified as a modern sink for
fine-~grained sediments and for pollutants associated with particulates
in the water column. To our knowledge, this 1is the only site of
present-day natural deposition on the continental shelf off the eastern
United States, exclusive of the Gulf of Maine. Because the net currents
on this area of the shelf flow from northeast to southwest, this area
may receive its sediments and possible contaminants from the Nantucket
Shoals and Georges Bank regiomns.

Any future work to refine the estimates of mixing rates and
sedimentation rates should incorporate the use of more than one isotope.
This approach would be helpful in sorting out the processes of sediment

f 226Ra in sediments is needed

2105,

mixing and local accumulation. Analysis o

for a more accurate determination of supported activity,
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particularly in sediments of the southeast Georgia Embayment where

226

coarse carbonate-rich sediments have wvariable levels of Ra with

depth. In such areas 226Ra analyses may be required for each sample

21OPb. This is also important for short cores which do not

collect a lower section of uniform 210Pb activity. Collection of larger

analyzed for

diameter cores (box cores) in key locations would also be advantageous
because sufficient material would be available for study of sediment
structures with X-ray techniques as well as for isotope determinations

over closely spaced intervals.
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CHAPTER 4

SEDIMENTS AND SEDIMENTARY PROCESSES AS INTERPRETED FROM

PISTON CORES AND GRAB SAMPLES FROM THE CONTINENTAL SLOPE

OF THE SOUTHEASTERN UNITED STATES

Larry J. Doyle, Frederick M. Wall, and Paul Schroeder

ABSTRACT

Study of 44 piston cores up to 6 metres in length along with 17
grab samples on the continental slope between the continental shelf of
the southeastern United States and the Blake Plateau has shown that
there is a major sedimentological break at Cape Hatteras which mirrors
that which has long been recognized on the adjacent shelf. South of
Cape Hatteras sand and calcium carbonate content increase dramatically
relative to the slope north of the Cape. There is also a break in heavy
mineral suite. Some upper slope cores contained gas, probably methane.

Sedimentary processes active on the slope include a significant
amount of sand sized bed 1load spillover across the shelf break,
resuspension, and winnowing of shelf fines. Incursions of the Florida
Current onto the shelf may be important in resuspending shelf sediments
and in sweeping them over the shelf break. Fines, probably as fecal
pellets, combine with planktonic foraminifera to add to hemipelagic
component to the slope sediments. The unaggregated fines must be swept

away by the Florida Current. The slope is a potential pollutant sink.

INTRODUCTION

Thrust of the Study

Increasingly the search for hydrocarbons on the world”s continental
margins is being pushed into ever deeper water. Upper continental

slopes are already undergoing active exploration in many areas; yet
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little is known about the sediments or processes which affect them. The
Atlantic continental slope of the southeastern United States (fig. 4-1)
is doubly interesting since it lies between a continental shelf
undergoing active exploration and the Blake Plateau which is also
beginning to attract exploratory interest. As a zone of sediment flux,
study of the slope in this region may disclose a great deal about the
whole margin dynamical system in which the Florida current plays a major
role.
Key questions which we have set out to investigate are:
1. What are the characteristics of southeastern United States
Atlantic slope sediments?
2. What are the principal sedimentary processes which operate
on the slope?
3. What 1is the role and relationship of the adjacent
continental shelf in furnishing sediment to the slope?
4. TIs the slope a potential pollutant sink?
Our data base is a collection of piston cores up to six metres in length
and grab samples whose 1locations are shown in figure 4-1 which were
arranged in transects perpendicular to the isobaths. These cores were
collected in cooperation with George Keller, AOML and NOAA, in Miami.

%
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Figure 4-1. Station locations. Those stations in each treatment (22, for
example) closest to the beach are station 22A; those next

deepest 22B; and so on.



Figure 4-1
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Setting

The continental slope of the eastern United States can be
physiographically divided into two major parts with the boundary being
Cape Hatteras. Emery and Uchupi (1972) point out that north of Cape
Hatteras the slope 1is cut by numerous submarine canyons. In the
environs of Cape Hatteras lies the southermmost of these, the Hatteras
Canyon system of which Pamlico Canyon is a branch. South of the Cape
the continental slope bifurcates into the Blake Escarpment, with which
we are mnot concerned in this study, and the slope between the
continental shelf whose break is at about 75 m and bottom depth 200 m.
A minirise, which we have also sampled, more gentle than the slope above
then falls away to the surface of the Blake Plateau at 600 to 700 m
depth. Only a few surface samples from the upper slope south of
Hatteras have been described by Gorsline (1963), Emery and Uchupi
(1972), and Milliman and others (1972). It has generally been
considered that slope sediments, south of Hatteras were dominated by a
sand sized fraction chiefly composed of planktonic foraminifera tests.

The adjacent shelf and the Hatteras Canyon system are well studied.
Most of the pertinent literature is reviewed and summarized in Emery and
Uchupi (1972) and Milliman and others (1972). Clay mineralogy of the
region is discussed by Hathaway (1973). The shelf of the southeastern
United States is a palimpsest veneered with a Holocene quartz—carbonate
sand sheet. Calcium carbonate, chiefly in the form of molluscan shell
hash, makes up an average of about 18% of the sediment. This is in
sharp contrast to the shelf north of Hatteras where calcium carbonate
makes up only an average of about 2.5% (Emery and Uchupi, 1972).
Carbonate content generally increases to the south. Heavy mineral

provinces, too, are different north and south of Cape Hatteras with the
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suite of the latter containing considerably more epidote and less garnet
than the suite of the former (Milliman and others, 1972).

Clay mineralogy of shelf sediments, as well as sediments of the
adjacent Coastal Plain and the rivers which rise in it, is dominated by
smectite (Pevear, 1972) while the Piedmont is dominated by kaolinite.
Rivers which rise in the Piedmont likewise carry predominantly
kaolinite. Almost all sediment brought to the sea in the southeastern
United States is carried by Piedmont-rising rivers. In an investigation
of suspended sediments companion to this study, Pierce and others (1972)
and Doyle and others (1979a, b) found that kaolinite and illite are the
only clays in the water column indicating that some fine sediments are
escaping nearshore estuarine traps and are moving across the shelf.

Approach

Cores were X-rayed, split, described, and then subsampled for
textural, percent calcium carbonate constitutents, total organic carbon,
and clay mineralogic analysis. A multiple sampling scheme was utilized.
All cores were sampled top, middle, and bottom and were also channel
sampled in order to obtain an integration of the sedimentary parameters
over the top few metres. Cores 24B, 24C, and 24D were sampled in
detail, 2 cm every 10 cm down their entire length. Since sedimentary
layers are not traceable from core to core, the cores in one transect
are from a variety of bathymetric positions, and funds have not been
sufficient for an extensive radiometric dating program, stratigraphic
correlation among cores has not been possible, and channel samples have
provided the most usable data. Grab samples were split, subsampled, and
analyzed in the same way as the core channel samples. All figures
showing distribution of average sedimentary parameters 1incorporate

channel and grab sample data.
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Standard procedures were used throughout as described in Carver
(1971). Total organic carbon was determined using an Angstrom
model 70001 carbon analyzer 1in combination with calcium carbonate
determination by acid 1leaching, gas displacement technique. Clay
mineralogy was determined by X-ray diffraction on carbonate~free,
organic-free samples. Identification of the major c¢lay minerals,
smectite, illite, and kaolinite was carried out using the examination
techniques of Griffin (1962) and Grim (1968). Relative percentages of

clay minerals present were estimated by comparing basal (00l) peak

areas. Data are presented as Appendices 4~1 through 4-6 (Open-File
Report 81-852-B) and in tables 4-la and b.
RESULTS

General Description

Slope sediments of the southeastern United States are predominantly
some shade of gray or olive gray in color although various shades of
olive, green, brown, and even yellow are also found, especially in the
middle area in transects 22 and 27. Most cores are burrowed and mottled
but not sufficiently disturbed to destroy bedding on the magnitude of a
few centimetres in thickness. Very thin sand 1layers only a few
millimetres thick remain intact. Several of the thicker sand layers on
the upper slope exhibit graded bedding typical of what is commonly
interpreted as a turbidite in rise or deep—-sea deposits. An additional
interesting aspect of cores in transects 20, 21, and 23, specifically

cores 20B, 20C, 21A, 23A, and 23B, is that sediments in them showed

1Use of brand names in this report is for descriptive purposes only and

does not constitute endorsement by the U.S. Geological Survey.

4-7



(£S6T) piep pue A{IoJ °q
(z$61) ueuuy °e

£92°1 LL8°0 ————— (Y4 S 8TS" 0~ SEY 0~ (%6°0 988°0 900°¢ 8L8°T 961°2 6980~ 6L6°0 626°C 0
1.6°0 %EL"0 ————— 9€9°0- 8970~ 0LT° 0~ 108°0 18L°0 866°C 716°C 092°¢ T1L°0~ 66L°0 1(8°2 €
#26°0 I%%°0 —————= 6S%°0~| 687°0-} 86Z°0-| %I19°0 969°0 Lte STt ¢ £€0Z°8 06T T~ 8€9°0 6LT € Vet
%S0°T €9L°0 mm———— S%8°0- £6¢ 0~ 90¢° 0~ S08°0 6LL°0 L70°¢ £96°C SEL°T 99L°0~ L8L°0 186°C g
620°1 699°0 -==-== | T80~ | £E¥'0- £9€°0- 0%8°0 9€8°0 810°¢ 916°¢ 780°1 ZTL° 0~ €280 %96°¢C !
9%L°1 9¢6°T e ——— 969°1~| 02¢ 0~ €90°0~ %09°0 ¥€R°0 €8€°¢€ 7LE°E €L6°S 1L2° 1~ 269°0 [44ARY a
189°1 €€9°T - LLw T-| ¥%Ee 0~ {ZT°0- | 01970 0L%°0 LSE°€ LEE°E 9TE"S 8¢ T~ 699°0 ®TT°¢ o)
6€0°T 266" 0 ~=-=== | 0€L'0-]| 8TI%°0- 99€°0~ ®2€°T |. %9¢°T 1e%°¢ ®97°¢C SL0°0~ 11670~ 7971 80%°¢ q
60%°T 68L°0 Rkttt 268°0- %8¢ "0~ 26C°0~ 299°0 €90 S1Z°¢ £e1°¢ $99°¢ ZT10°1- L£9°0 7LT° ¢ A\{44
8T¢°1 S12°T ————— 6z€° T~ S9%°0- 1€€°0- | TI%8°0 8TIL°0 SET°¢E 950°¢ 44 ?11 1~ 848°0 8€0°¢ a
1€°1 269°0 m———— €8L°0~ €8€° 0~ ?0€°0- €821 L92°1 89%°¢ o%e°¢ €62°0 19¢°0- 6€C°T SIv°2C R
0Le°1 14870 - STO'T-{ 8%%°0- €5e 0~ LLLQ 82L°0 9€1°¢ 050°¢ oLey £€50° T~ 508°0 €L0°¢€ VItC
€8L°T I0T°1 ~wme—— | 8GE°T~| T¥S°0—-}| 8ER'O- 6€£6°0 978°0 LLo°¢ 966°C S8G°¢ LEO T~ LTI0°T 186°¢C a
I%0°1 166°0 m———— 2560 186°0- 8¥s'0- | T1I2°T 6v7°1 YIL°T 9897 99L°0 8L9° 0~ 022°1 SL9°¢ ]
871 099°T —==-== | 9€€°TI~| TST°0-| 000°0O- 160 £6€°0 e e 06811 089°1- %29°0 %8Z°¢ d
LSO°T %2070 m————- 6680 6%%° 0~ LLg0~ 686°0 £96°0 0L8°7 6%L°T 860° T 6L9°0~ 186°0 06L°C VoI
120°1 0L6°0 —————— 966° 0~ €LS°0- 9¢S 0~ [A A0 U1 €8L°C 2LG°C £€%9°0 7L9°0- TeT°1 €6L°C a
£%8°0 €06°0 === 1 80% 0~ [A YA ST 0~ 01Z°'1 997°1 e 642°C 11670~ TEE 0~ 891°T | €82°C 0
%88°0 LY AR - zse°0- €6T°0-| TST°0-~ Y1271 #L7°1 vl 181°¢ 9000~ LLe 0= #81°1 981°¢ i
€071 T9L°0 - L60° T~ 0960~ 86%°0- | TOT'I #90°1 198°¢ %89°¢C e T %S8°0- 8¢T°T 98L°C V6T
126°0 %9%°0 m————= TTI1°0~ 290°0- (¥0° 0~ 6£6°0 $66°0 ™%°C 9Z%°T 990°0~ 192°0~ 8.8°0 ?1%°C a
128°0 18%°0 - 1£6°0-| 8€E€°0- 06Z2°0- | SST°T JAYAR 94%¢ ¢ 8% ¢ 0% 0~ ?6€°0~ 7111 L8%°C o] .
9%8°0 6S%°0 = 66Z°0- LST°0- 0TT°0- | 0T€°T 06€°T STI1°¢ %90°¢C L8G 0~ 29270~ 6£2°1 %L0°C q
0Ze°T 20T°1 s Z6T°T-| O%%°0- €1e°0- | 0%¥8°0 6€L°0 001" € €20°¢ L06% 00T 1~ 888°0 000°¢ V81l
[+ T q v q ® q e q e UOTIBTAR(Q
STS03any ssaumaNs piepueig uBay
s1sdaany (7) ssauseyg (T) ssaumaNg mMMWMMwwm ueey # a1dwesg
STUASVIN ININOW IHd
YIITNIV IEd OTHdVID

sa1c)
el-% JT1IVL

4-8




(L56T) pitM pue jTOZ *q
(zg6T) uemuy *®

£€76°0 Los:o ——=—-= | 78£°0- | 98%°0-| T&H'0-| 9%0°t H60°t 68L°2 §29°2 21z°0- 8t¢ 0~ 1860 LStz a
itv 'z o9t -=---= | GZ8°1t-| 15570~ | €T¥-0-| 0f6°D £5L0 gttt 6€0°€ 8€e" g o€z T~ 96T 1 086°2 o)
tt6°0 co%°0 -———=-- | €28°0- | 995°0-| SkS°0-| 81L°% 9¢8°t (02 4 z08°t 66€°0- 8% 0- €691 get e g
86L°0 £6T°0 ------ | t86°0~ | 805°0- | 82§°0- | 810z A2 4 166t 6LT°t 656°0- 78€°0- 6/8°1 62L°1 vee
6090 §92°0 ~————= | £%G°0-| STG°0-| 109°0- | 9881 9ct-z 90z°t 8LL°0 t1z°1- L6z 0- t18°t L8zt a
$ie 1 848°0 -===== | €TT1°0- | €60°0-| STI'0- | 89.°0 LZAA) 66€°2 692 8291 6ty 0- £€5L°0 66€°C o1¢
(€01 198°0 -===== | 1€€°0- | 260°0- | [00°0- | <88°0 TE8°0 9¢6° 1t %€6° 1T gtz t %8¢ °0- v68°0 gLr-t a
780°t 80 -=---- | 0€9°0- | ZTZ°0- | 280°0- | 1¢6°0 088°0 0LL*2 %L T L0%°€ 078°0- 866°0 6%9°C 00¢€
0%8-°t ob6°t -==--= | 6ET"T- | T196°0- | <6£°0- | foz'1 898°0 000°€ $88°¢ 6627°E 6e0 1~ egg*t 6el°T a
6z9-°t gret -——--= | G6%"1- | 2€G°0- | 80%°0- | TL6"0 L18°0 190°¢ 956°T L6lL*y 8CT T~ it 1z6°¢ 0
et 60L°0 -==--= | £86°0- | 2S2T°0~| T9T'0- | 9¢T°t 911"t £8%°C %A A4 7011 186°0- 917"t 0t% 2 967
oto-t 18.°0 ~=———= | T%.°0- | TIC'0- | 0T2'0- | 0180 BLL*O 186°C €66°T L7 A% 8980~ 8%8°0 188°T d
LA 7170 —————= | €92°0~ | $82°0- | %BE°0- | 89T°1 6ST°T c08°1 99°1 T€L'0- 8070~ SLT'T oLL°1 28T
oyt E6T° T ~————= | [99°0- | 661°0- | £60°0- | 82€"T ™It 618" 1 w8L°1 18570 £8%°0- 9Z¢°t 1L 1 2T
T60°0 LTG0 -=—==-- | I2T'0 120°0 L€0°0- | 098°0 968°0 [ ¥ A LZAAKA 9140 90Z°0- 7680 122°t a
%£3°0 1950 ————— | 290 6£2°0 LLT1°0 86L°0 028°0 $s0°¢ 201°2 809 °0- .20 9€L°0 960°¢ o)
%16°0 S8%°0 --=——= | GTE€"0~ | 79T'0- | ZIT°0- | £T6°0 996°0 €19°¢ L€9°¢ 8L°C ¥69°0- £96°0 L09°7 a5z
€601 6650 ——-—-= | 868°0~ | 06%°0- | €%¥°0- | %76°0 0%6°0 £66°C ¥18°T 996°1 <08 °0- €66°0 %06°2 a
LSS T L28°0 -=—=== 1296°0- | 9¢%°0- | 9%€°0- | TEL'D £69°0 EL1°E £60°¢ 1SL°T 6%6°0- 90L°0 €eT € o)
SE6°0 809°0 ———--= | 8T/°0- | £8€°0- | 82£°0- | 8%8°0 098°0 £€96°2 698°2 200°¢ %08 0- 088°0 $88°2 q
668°0 tev o ------ | 02670~ | z€c 0~ | 00€°0- | 9911 6%2°1 096°0 ey 0 %89 °0- 11€°0- S60°T £96°0 A2 14
q b-4 q ® q -4 q ® ® i uoTIeTAR(Q
sTsolany SSOUMANG piepuels ueax
STS03INny (Z) ssounmayg (1) ssaumayg coﬂum..n.>m.m uevaw # o1dmeg
paepuris

Y3ILEWWEVE THd OINAVED

STENSVEN INEWCA IHd

(*auop) EI-y

119VL

4-9



(LS6T) PaeM pue jTod °q
(z56T) uewur e

148°0 666°0 ===== | 9T%°0 €020 6€1°0 0SL°0 TLL0 0T0°1 9%0°T 070°0- 6€2°0 969°0 6€0°T g
8€0°1 789°0 ~==e=- | €05°0~| G¥E€'0~-| T6E°0-| 6TZ°T L0T°1 8.8°0 12L°0 66€°0~ 67€°0- 9YT°1 706°0 vig
606°0 7€9°0 ————— €20 €0€°0 €9%°0 1z1°1 IXA BN 8€0°¢ 717 2€0°0 %T0°0- 180°T " 506°T a
08€°1 z08°0 ====== | TLE"0={ 9ET°0-| G90°0-| 8£6°0 968°0 45 M4 86%°¢T 198°1 £96°0- L06°0 0T%°¢ 0
9%9°0 687°0 ====== | 8IS0~ | LS%'0-]| O0TS°0-| T90°'T #6T°1 9€8°1 €€9°'T 91 1~ T9¢'0~ T160°T %81 o
601°1 16%°0 m———— 19270 06T°0 S0C°0 891°T 877°1 €TL°0 £08°0 69%°0~ €710 woo.a LL9°0 voe
76€°T 91T1°1 m=o=== | %81°0~ £€€0°0 €61 0 11270 €79°0 6€9°C 1L9°2 89%° L 000° 1~ 018°0Q 876°C q
8IS°1 1I%°1 ————== 1 %8€°0 1€0°0~ 12C°0- 6€6°0 €9L°0 6€7°1 €8T1°1 680°1 96T 0 996°0 96¢°1 V62T
811 £08°0 ~===== | @0%°0-| T6T°0-| (ST°0-| T€0°T 986°0 LT°¢ £€2T°C 600°1 €Lh 0~ 1L66°0 7€T°T a
%IT°1 088°0 ————— %€S5°0- ™Hi°0- €00°0 %06°0 %8°0 FAN A £eL°T wwe6°e (%8°0~ £86°0 €09°C 0
96L°0 70%°0 ————— £LST°0- 69T 0 %11°0- S6€° 1 80¢°1 SH0° 1 886°0 766°0~ 0S1°0- GTIeE’T 620°1 i
8€8°0 96%°0 ————— 98¢°0 677°0 £92°0 78¢°1 0SH° 1 8% 0 £86°0 188°0- L81°0 A5 01 A MY V8t
£€86°0 S6T°0 —————- 0€S°0- TLH°0-| 86%°0~ GE0°T T0T°1 %1L°T S16°¢T Ly 1- L0T°0- SS0°1 06S°7 i
96L°0 106°0 ~===== 1 00%°0~ 97¢€ "0~ S8E0- | 0811 9€T°1 09L°0 209°0 Z16°0- 98T 0- 62T°T LeL°o Vit
€evL-o £2¢°0 -—-=-= | TIT°0 £€80°0 180°0 1€9°0 669°0 8G66°T LL6°T 7T1L°0 1.0°0- LL5°0 GS6°1 a
06L°0 7e€°0 s €717 0- %0T1°0-t{ TOT"O- 8%9°0 LTL°0 980°¢ 790°7 T69°% ' €66°0- LL9°0 £L0°2 0
098°0 | 290 | --——-- | 90z°0-| T€ET'0-| TTIO- | THE'T | 9T%'T 098°0 | €080 €670~ 12170~ I TrAN! 6€8°0 | €
£€€6°0 159°0 m===-= | £6G°0- 087°0- 00Z°0- L1870 L1870 S66°0 0%6°0 £€€9°0 en°0- - 908°0 w%6°0 v9z
648°0 §9¢°0 ————— L6%°0 $62°0 €61°0 68L°0 018°0 0°2C £60°¢C €L5°0- T1€°0 €TL°0 780°T a
212°1 768°0 -===== | #1£°0 907°0 9%2°0 €18°0 LsLo LT1T°0- | SST°0- ST 1 1I%°0 0LL0 T€2°0- vse
STIT'T %06°0 ————— L78°0- 6TG0- 88% "0~ £06°0 6%6°0 LL6°7 €78°¢7 £€€8°0 1€L°0- %.8°0 £€86°7 a
T10°1 LSL°0 mm———— 8YL°0- 7€€°0- 8€¢°0- 8LL°0 %G6L°0 9¢0°¢ 916°¢7 668° L 02¢°1- 068°0 2€6° T VeET .
[AXARY 8771 ————— ©06° 0- £€02°0- 000°0- L0 z0%°0 60%°¢ 60%°¢ L€0°8 98¢ " T- 8%'0 o1e"¢ A\£44
q 2 q 2 q e q 2 q ® uoTIBIAR(Q
sTs01any | ssoumavg paEpUEIS ueol
stseiany (7) ssTunavg (7) ssaundyg pmwwwwwww uzay # o1dwes
STINSVAN INIAWOR IHd
VIALIKVAVA THd OIHAVYD

q1-% 119vL

4-10




Figure 4-2. Number of sand layers in transects 19 through 33, modified after

Doyle and others (1979b).
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numerous gas cracks, probably indicating presence of methane, since
sediments did not smell of HZS'

South of Cape Hatteras sand layers, as shown in fig. 4-2 (modified
after Doyle and others, 1979b), increase dramatically relative to cores
taken north of the Cape. This change at the Cape is reflected in many
of the parameters discussed below as well as in shelf sediments.

Texture

Figure 4-3 shows the distribution of the average sand content of the
samples in the study area. South of Cape Hatteras sand content can be
seen to increase dramatically, paralleling the increase 1in sand layers
shown in fig. 4-2. South of Hatteras sand content also decreases
regularly downslope although it remains as high as 30% on the minirise
on the Blake Plateau. Tables 4-la and 4-1b show the  standard
statistical measures of the sand size fraction for 44 cores and 20 grabs
from the study area. Several different sets of statistical measures are
presented for comparison. Perusal of the tables shows that mean grain
size ranges from coarse to very fine sand with most samples lying in the
fine to very fine sand range. Standard deviations are such that most
samples are moderately sorted to poorly sorted with a few being
moderately well sorted.

Figures 4~4 and 4-5 show the average percentage of silt and clay
within the cores. Comparison with figure 4-3 shows that as sand
regularly decreases seaward south of the Cape, silt and clay increase in
about equal proportions. Off the Charleston—-Savannah area silt
increases somewhat faster than clay content. The relatively large
amount of finer than sand-sized material is surprising since the Florida
Current sweeps the slope/minirise in this region and is thought to keep

large portions of the surface of the Blake Plateau free of clastic and
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Figure 4-3. Distribution of percent sand. Contour interval 20%.

Data from channel samples of cores and from grab samples.
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Figure 4-3

76° 38* 75° TI* 35°
\ Z A Vi
770 ' —\ L
Npwr ¥ 11
S g \ N34
N CAPE 7117
g’ _ T\ N'CHARLES
38° o
’ 0N
a S
78.\1
N
o S {32
JN
// \72.
37°
79°
N
L ]
‘%/32
1 ]
36'A &730
8o° ~
) N
> \é, 31
”
35 \\K\
N ['74°
8 |°\ = “or
-
34°’F< .
N
CHARLESTONS 750
AVERAGE PERCENT
! SAND
e IN SLOPE SEDIMENTS
. M 29
82° A /V
33.\N Horizontal Scale Xl
SAVANNAH Exaggerated Times 3 3
Seaward of 50 m Isobath \76'
¥ BATHYMETRY IN METERS
32+ | EHY ETRY | ;:0 26
33.\ \Q\ NAUTICAL MILES
}\ KILOMETERS %K
7
JACKSONVILLE
/P
31+ 27
v
1
1\\
Z AN
7 7 N\ X T78°
30° 83 29 B82° 27 790



Figure 4-4. Distribution of percent silt. Contour interval 10%.

Data from channel samples of cores and from grab samples.
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Figure 4-5. Distribution of percent clay. Contour interval 10%.

Data from channel samples of cores and from grab samples.
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